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Motivation
Ongoing technological advancement is reflected in the dominant modes of data collection in surveys. In face-to-face settings, computer-assisted personal interviewing (CAPI) is gradually replacing paper-and-pencil personal interviewing (PAPI), while in self-administered interviews, web-based formats (CAWI) are increasingly replacing mailed questionnaires. In many countries, web-based interviewing has become a critically important mode of data collection in social and market research in only 10 years' time (see Table 1 for the German case).
Table 1 about here
The main advantage of computer assisted web interviewing (CAWI), compared to other modes of data collection, is time and cost efficiency (Dillman 2000; Tourangeau et al. 2013) . CAWI proponents also cite audio-visual options (Tourangeau 2004 ) and the ability to contact both remote populations and specific subpopulations as advantages (Wright 2005) . Drawbacks are usually associated with selective coverage of the target population, namely the exclusion of persons without internet access (Couper 2001; Couper et al. 2007 ) -a problem that loses relevance with comprehensive internet penetration. Moreover, non-response tends to be higher in CAWI mode (Fricker and Schonlau 2002; Shih and Fan 2008; Fan and Yan 2010) . Hence, within the conceptual framework of "total survey error," much attention is devoted to the question of selective representation due to CAWI mode (coverage, sampling, non-response error). However, relatively little is known about how CAWI affects response error.
With the purpose of analysing this CAWI mode effect, we decided to compare CAWI with another self-administered questionnaire. Although the comparison with the face-to-face mode seems useful given that this mode still represents the mainly used mode in surveys, it nevertheless differs strongly from self-administered questionnaires both in terms of costs and interviewer assistance. Therefore we decided to compare the CAWI mode with the MAIL mode as a likewise self-administered questionnaire that differs strongly from CAWI with respect to the extent of technology used.
Previous studies on mode effects primarily focus on self-administered versus interviewer administered questionnaires in order to reveal mode effects regarding item non-response, social desirability, and response styles typical for satisficing (Boyer et al. 2002; Kiesler and Sproull 1986; Klassen and Jacobs 2001; Kwak and Radler 2002; de Leeuw 1992) . However, comparisons of web surveys with mailed questionnaires regarding mode effects are scarce. We intend to fill this research gap with the study at hand. We implemented a randomized mode experiment during the 2012 BASE-II Study that facilitates the disentanglement of the differences between CAWI and MAIL regarding response error and analysing the role of cognitive abilities on these differences. For this purpose, we identify several forms of response error -specifically item nonresponse, social desirability, response styles, and low person-reliability -and estimate the mode effects in these response errors.
Taking into account that different modes require different levels of cognitive skills, the inclusion of cognitive functioning indicators should facilitate better understanding of the underlying factors for mode differences in data quality. The comprehensive assessment of cognitive functioning in BASE-II enables us to study cognitive effects on response performance in much more detailed fashion than studies previously conducted in this field. For our study, we selected several measures of fluid intelligence -visuo-spatial working memory, episodic memory, and global reading abilities -as each are unique abilities contributing to specific steps in the survey 5 response process. Additionally, these measures can also be linked to the specific requirements related to survey participation in CAWI. In addition to cognitive abilities, we use measures of motivation in our analyses since the satisficing theory postulates that it is not only cognitive limitations, but also a lack of motivation in the respondent that might lead to response error (Krosnick 1991) . Moreover, it is well know from psychology research that motivational states are important indicators facilitating the attainment of consequential goals (Wrosch and Scheier 2003) , e.g. to maintain attention and to control responses during the self-administered interview.
State of Research
For the purpose of giving an adequate answer to survey questions, respondents must successfully integrate multiple sources of information, which in turn requires different dimensions of cognitive functioning. If respondents are not able or not willing to engage in these cognitive processes necessary for survey responding, survey reports are at risk of being plagued by response error (Krosnick 1991, Biemer and Lyberg 2003) . Instead of engaging thoughtfully in the answering process, respondents with low cognitive skills or low motivation are likely to use the strategy of satisficing, which means to "simply provide a satisfactory answer instead" (Krosnick 1991, 213) . Satisficing "can take the form of either (1) incomplete or biased information retrieval and/or information integration, or (2) no information retrieval or integration at all" (Krosnick 1991, 213) . Cognitive demands required in the survey response process depend in part on the difficulty of the task, which in turn partly depends upon the survey mode (Roberts 2007) . In section 2.1 we report previous findings regarding the effect of cognitive functioning on response error. Section 2.2 reports on the relationship between survey mode and response error, while section 2.3 combines both research strands and discusses possible interaction effects between survey mode and cognitive functioning on response error.
Response Error and Cognitive Functioning
Since comprehensive measures of cognitive functioning are scarce in large-scale surveys, studies on response error mostly rely on proxy information for cognitive abilities. However, two studies use test scores on cognitive skills: Fuchs (2009) studies the impact of cognitive functioning on item nonresponse using elaborated measures of cognitive skills from the first wave of the Berlin Aging Study (BASE). He confirms that lowered cognitive abilities are related to higher non response rates. Lechner and Rammstedt (2015) reveal a negative association between cognitive ability (measured with the Digit Symbol Substitution Test) and acquiescence in survey responses as of elderly respondents.
The BASE-II study provides a multitude of measures on cognitive functioning enabling us to elaborate on the impact of specific cognitive skills on response error at different stages in the survey answering process. Tourangeau, et al. (2000, 8) identified four cognitive processes that have to be performed in order to answer to survey questions adequately (see Table 2 ). The first process is the comprehension of the questions, which includes attending to questions and instructions, representing the logical form of questions, identifying the question focus and linking key terms to the relevant concepts.
This first process requires text comprehension and global reading skills. Overall global reading ability was assessed in BASE-II using a speeded sentence reading test (Bergmann and Wimmer 2008) . A central part of the test is the decision whether presented sentences are wrong or right.
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The number of correctly answered sentences within three minutes gives evidence for a causal link between reading speed and reading comprehension. Thus, rapid, accurate readers may expend less of their limited cognitive resources (e.g., attention, working memory) trying to identify words (i.e., fewer resources spent decoding, blending, segmenting, or using context cues to identify the word) than slower readers. As a result, rapid and accurate readers may have more cognitive resources available to apply to comprehension. Additionally, information remains in working memory for a limited amount of time. Thus, individuals who read less rapidly may have more difficulty synthesizing previously read material with material read later, because the previously read material will be less accessible (e.g., Breznitz 1987; Daneman and Carpenter 1980; LaBerge and Samuels 1974; Rasinski 2000; Skinner et al. 1998; Stanovich 1986 ).
The second process, retrieval of relevant information, includes generating a retrieval strategy, retrieving specific, generic memories and filling in missing details. For this process, specific memory functions such as visuo-spatial working memory and processing speed are necessary to mentally navigate through the questionnaire, maintain the relevant question and update new information as needed. Working Memory refers to the temporary maintenance and manipulation of information (Baddeley, 2012) in order to reach a specific goal. It involves processes such as to ignore irrelevant information (distractors) in order to maintain behaviour that focuses and serves only the relevant task.
Processing speed is measured by the rate at which tasks can be performed and relates to the ability to process information automatically and, therefore, speedily. There is consensus in cognitive aging literature that performance on many information-processing tasks is slowed in old age (Salthouse 1985) . It is suggested that this phenomenon is caused by a general decrease in processing rate with age, but this slowing is less pronounced in tasks requiring lexical decisions (Myerson et al. 1992) .
The third process is judgment, which means to remember and recall e.g. autobiographic memories or past experiences, in order to make required judgments and decisions in response to a question. Central to this process is the assessment of completeness and relevance of memories, the drawing of inferences based on accessibility, the integration of material retrieved and the making of an estimate based on partial retrieval. These processes are critically dependent on Episodic Memory functioning (Tulving 2002) , as Episodic Memory can be described as the longterm storage of events that are bound to particular times and places in the past (Tulving 1972) .
The fourth process can be described as the selection and reporting of an answer, thus including the mapping of a judgment onto response categories and the editing of a response. This process requires a certain capacity to think logically and solve problems in novel situations, independent of acquired knowledge, which is called fluid intelligence (Cattel 1971; Lindenberger et al. 1993) . Previous studies of mode effects on response error regarding mode differences between CAWI and MAIL focus on item nonresponse, while few to no studies discuss scale reliability, social desirability, and response styles.
Regarding item completion rates in comparison between web mode and mailed mode, results are ambiguous. A number of studies report less item non-response in the web mode (Boyer et al. 9 2002; Kiesler and Sproull 1986; Klassen and Jacobs 2001; Kwak and Radler 2002; Schaefer and Dillman 1998; Barrios et al. 2010) . However, newer studies show no differences in item nonresponse between the two modes (Börkan 2010; Lin and Ryzin 2012) . Findings by Miller and Dillman (2012) indicate that mode effects regarding item nonresponse might depend on the content of the questions.
Results for scale reliability are also ambivalent, showing higher pairwise correlations between items either in the MAIL mode (Cole 2005; Lin and Ryzin 2012) or in the web based mode (Börkan 2010) . Still others detect no systematic differences between modes (Fouladi et al. 2002, 208) .
Social desirable responding is in general lower in self-administered questionnaires. In conducting a meta-analysis, Tourangeau et al. (2013, 142 ) find a positive, but only very small effect of web questionnaires compared to paper questionnaires regarding the revelation of sensitive information.
In sum, studies of mode effects on response error have inconsistent results. These inconsistencies might be traced back to different survey and question topics and other design features that seem to interact with the survey mode. Moreover, the different samples investigated, implying different levels of cognitive functioning, might also be the source of inconsistent results.
Cognitive Ability and Mode Effects
As already argued, the process of answering survey questions requires specific cognitive skills.
However, these cognitive requirements depend in part on survey mode (Roberts 2007) . Although 10 the largest differences in cognitive requirements exist between interviewer-administered questionnaires and self-administered questionnaires, since the former present the questions orally, also two self-administered modes CAWI and MAIL may vary in cognitive requirements (compare Groves et al. 2009 ). Foremost, CAWI respondents need to have good technology skills, as well as internet, and computer skills. An overview of studies regarding the relationship between cognitive skills and computer task performance is provided by Czaja (1997) . She reviews, in particular, the measures of fluid intelligence that are related to computer proficiency. Namely, two measures of fluid intelligence could be related to computer proficiency: Space and Letter Series subscales. Moreover, spatial working memory indicators are associated with computer proficiency, for instance with text-editing. The ability to temporarily maintain relevant information in mind is crucial for the performance of many everyday tasks but also for providing reliable answers to a web questionnaire.
Regarding internet proficiency, Morris (2007) considered disabilities of either physical or mental nature as causes for perceived barriers of internet access. For instance, they argue that low memory or concentration skills could function as a barrier for internet access.
Further, there is substantial evidence that there are age-related declines in most component processes of cognition including: attentional processes, working memory, information processing speed, encoding and retrieval processes in memory, and text comprehension (e.g. Grady 2008; Mather 2015) . Since computer tasks are primarily characterized by their mental demands, decrements in these component processes could place older adults at a disadvantage with respect to performing computer-interactive tasks.
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Overall, the technological skills associated with CAWI mode, such as working memory and fluid intelligence, overlap with coginitive functions that are also relevant for the survey response process in general. Hence, we expect that individual differences in cognitve ability are better predictors of response error in CAWI mode than in MAIL mode.
Data
The analysis draws on survey data emanating from the Berlin Aging Study II (BASE-II). This longitudinal survey focuses primarily on multidimensional processes of physical and mental aging (see Bertram et al. 2014) . The BASE-II sample is a non-probability sample consisting of 1600 elderly (age 60 to 80) and a reference group of 600 younger residents (age 20 to 35) living in greater Berlin. To compensate potential processes of selectivity in BASE-II, we compared the data with a large, representative reference study, the German Socio-Economic Panel (SOEP, see Wagner et al. 2007 )), and analysed differences in characteristics of participants in BASE-II compared to those from the SOEP. Based on this selectivity analysis, we then generated propensity score weights that adjust for the selectivity in the BASE-II survey. In addition, we adjusted the weights of the BASE-II sample to statistical information from the Federal Statistical Office so that the BASE-II study has the same totals as the official statistics. These procedures ensure generalizability of our findings due to representativeness of the BASE-II sample for the German population regarding common socio-demographic characteristics as well as BASE-II specific factors, namely health-related factors, personality facets, attitudes, and neighbourhood characteristics. A detailed description of the weighting procedure is provided in Saßenroth et al. (2013) .
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Respondents repeatedly participate in medical check-ups as well as mental and motoric testing at centralized test sites. The cognitive testing of the participants was carried out by the Max Planck Institute for Human Research located in Berlin between 2012 and 2014. Participants were invited to two sessions, within an exact interval of 7 days at the same session time to avoid circadian confounding effects on performance. Each session lasted about 3.5 hours, during which participants were tested in groups of about six individuals. The cognitive battery covers a wide range of functional domains such as attention and processing speed, reading, learning and episodic memory, working memory, as well as decision making.
To collect information about participants' economic position, social relations, and biography, participants and all members of their household were asked to fill in an individual questionnaire and a household questionnaire. The data collection of the socio-economic part of BASE-II was carried out by TNS Infratest for DIW Berlin. Participants received questionnaires up to 5 times between 2008 and 2014 (see Böckenhoff et al. 2013 ).
Since the socio-economic data collection in 2012 included an experimental design to study mode effects, we focus on this wave in our analyses. Moreover, we exclude all individuals who failed to participate in either the socio-economic part in 2012 or the psychological testing from our analysis. This decisions results in a sample of N= 1,398 persons.
Experimental Design
For the field experiment in 2012, we randomly assigned all households to either the CAWI or the MAIL mode. As the randomization of assignment operated at the head of the household level, all corresponding household members were allocated to the same group. The assignment was not 13 mandatory, as we used incentives to motivate the respondents to choose the survey mode corresponding to their assignment. Although a complete assignment by offering only a single mode option in each group was, of course, feasible, it might have reduced survey participation rates. The survey was not primarily designed for methodological research, but rather to investigate processes of ageing.
Instead of the usually paid 10 Euros, we offered 15 Euros for an individual questionnaire filledin according to the assigned mode. The randomized assignment was stratified by the prior survey mode in order to avoid confounding effects. In the two previous waves, 2008 and 2009, mixedmodes were used. Table 3 reports that 110 persons in our sample were interviewed face-to-face in 2009 (PAPI plus CAPI), the majority of 829 persons are former MAIL and CAWI respondents, 120 temporarily refused to participate in the 2009 survey, and 339 are newly recruited participants in 2012.
1 Table 3 about here   Table 4 displays the choice of survey mode in 2012 by assignment group. Our experimental design that provides different monetary incentives for respondents in the CAWI and MAIL mode produces levels of non-compliance to the allocation rule that are remarkable given the weak incentive structure. In the CAWI assignment, 244 persons (36 percent) used the MAIL mode, while approximately 441 persons (64 percent) used the CAWI mode. The incentive worked even better for the MAIL assignment, as about 611 persons (86 percent) from the MAIL group, who participated in the survey, filled-in the questionnaire using MAIL mode. The marginal effect of the randomized incentives of roughly 50 percentage points corresponds to an increase in the odds ratio of mode choice by a factor of 10.8. Refusal rates were comparable across assignments, with 8 percent for the MAIL mode assignment and 9 percent for the CAWI mode assignment. 
Analysis
We investigate the impact of mode choice on the quality of respondents' answering behaviour both by OLS regressions and by an instrumental variables approach. We focus on item nonresponse, social desirability, response styles, and person-reliability. We selected specific measurements of the participants' cognitive abilities to calculate their effect on indicators of data quality. To investigate whether or not cognitive ability is more relevant in the CAWI mode, we include interactions between survey mode and cognitive abilities in our models.
Indicators for data quality
We aim at examining data quality from several perspectives, thus calculating different indicators that inform about different aspects of data quality. We chose the indicators in accordance with the theory on satisficing (Krosnick 1991; Krosnick et al. 1996) . Satisficing behaviour can result in item non-response, mental coin flipping, and in different response styles, such as a preference for the middle response category and extremeness (see Roberts 2007 for an overview). Thus, we look at the item nonresponse rate, response styles, and the person-reliability. Moreover, we use social desirability as another indicator for poor answer quality (compare Paulhus 1984) . We built our indicators as follows:
Item Nonresponse
We count all missing values for all numerical items in the survey. The item non-response rate is then calculated as proportion between the missing values and the total number of numerical items in the survey (minus the items that didn't apply to the respondent). The actual number of 16 items that applied to the respondents ranged from 236 to 346 with an item non-response rate ranging from 0 to .37 and a mean of .03. A higher item nonresponse rate indicates poorer answer quality.
Social Desirability
Low motivation can not only result in satisficing, but also in social desirability, if respondents are not willing to disclose their honest answers to specific questions (Sudman and Bradburn 1974) . Socially desirable responding is "the tendency to give answers that make the respondent look good" (Paulhus 1991, 17) . A short inventory based on the 40-item "Balanced Inventory of Desirable Responding" (BIDR) by Paulhus (1991) was used to detect the tendency for social desirable responding. We build an averaged additive scale. Values range from 1 to 7 with high scores indicating a strong tendency for social desirability and, thus, poor answer quality.
Although social desirability items are expected to produce lots of missings, in our data 98 percent of the respondents answered all four items. The mean scale score amounts to 4.73 with a standard deviation of 1.11.
Response Styles: Midpoint and Extremeness.
While normal responding would imply that respondents use the full scope of the scales presented, response styles are present if monotonic response behaviour is shown. Response style can be defined as the tendency to respond to questions on the basis other than their content and doing so consistently across time and situations (Paulhus 1991) . Response styles lead to systematic errors in measurement, with different effects for different response styles (van Vaerenbergh and Thomas 2013). We consider in our analysis two types of response styles, namely 1) the preference for the middle response category, and 2) extremeness. Extremeness can be described as "a preference for selecting answers from the end points of a scale" (Roberts 2007, 13) . As basis for calculating the two response styles we used all items in the survey that rely on rating scales (that is 141 items). We count the number of extreme or midpoint answers for each respondent over all 141 items. The indicator for extremeness ranges from .10 to .84 with a mean of .44. The indicator for midpoint responses ranges from .02 to .51 with a mean of .20.
High scores on both indicators imply low data quality.
Person-Reliability
One type of satisficing behaviour is mental coin-flipping which means that respondents do not select the response categories by thoughtful consideration but randomly (Krosnick 1991, 220) .
Mental coin-flipping should result in a low person-reliability (see Krosnick et al. 1996) . We use (2013)). This indicator helps to detect unexpected answers (e.g. agreeing with both the regular and the reverse coded item within one multi-item construct), which might be the result of mental coin flipping.
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For this study, a total of 20 multi-item scales could be obtained. The constructs range from 2 to 8 items, comprising attitude and personality questions, e.g. the Big 5 personality traits, life satisfaction, subjective health (mentally and physically), and optimism. The calculation of the lperson-fit statistic plus the multi-item constructs used is based in the paper by Kroh, Winter and Schupp (2016) . The indicator for person-reliability ranges from -1.91 to .90 with a mean of .09.
High values of the indicator reflect a high person-reliability.
Indicators of Cognitive Functioning
The cognitive tasks were assessed on two sessions, within an exact interval of 7 days at the same time of day to avoid circadian confounding effects on performance. Each session lasted for about 3.5 hours. Participants were tested in groups of 4-6 individuals. The cognitive battery included measures of learning and memory performance, attention/processing speed, working memory, executive functioning, and perceptual speed. The group was instructed through a standardized session protocol. Each task started with a practice trial to make sure that all participants understood the task. Responses were given via button boxes, mouse, or keyboard. For the purpose of the present study, only those cognitive tasks included in the study are described in detail below (see also : Düzel et al 2015; Schmiedek et al. 2010; Lindenberger et al. 1993) .
Overall Reading Ability
We used the overall reading ability as measure for cognitive skills required for component 1 in the survey response process (comprehension, see Table 2 ). The overall reading ability was assessed using a speeded sentence reading test (Bergmann and Wimmer 2008) for which norm data is currently evaluated and planned to be published as the adult version of the Salzburger 19 Lese-Screenings (Auer et al. 2004; Mayringer and Wimmer 2002) . The sentences are of relatively easy content (e.g., Ein Nashorn ist ein Blechblasinstrument [A rhinoceros is a brass instrument]) but become more complex in their structure as the test proceeds. Participants were instructed to evaluate sentences as quickly and accurately as possible and to give a yes-response when the content made sense and a no-response if not. The dependent variable was the number of correctly answered sentences within three minutes.
Working Memory
As measure for cognitive skills necessary to achieve the second component of the survey response process (Retrieval; see Table 2 ), we selected two working memory tasks that measure spatial updating performance and processing speed (measured with the digit symbol substitution test). In each block of the Spatial Updating Task, a display of two (respectively three) 3x3 grids is shown for 4 seconds in each of which one blue dot was present in one of the nine locations.
Those two (or three) locations have to be memorized and updated according to shifting operations, which were indicated by arrows appearing below the corresponding field. PT of the arrows is 2.5seconds with an ISI of 0.5seconds. After six updating operations, the two (or three) grids reappeared and the resulting end positions had to be clicked on. After 10 practice blocks with memory load two (or three) grids, ten test blocks with load two (or three) were conducted and used for scoring. The average of percent correct placements was used as the working memory score in this study (see also Schmiedek et al. 2010 ).
Additionally, the Digit Symbol Substitution Test (WAIS, Wechsler 1981 ) is a neuropsychological test sensitive to brain damage, dementia, age and depression. It consists of (e.g. nine) digit-symbol pairs followed by a list of digits. Under each digit the subjects write down the corresponding symbol as fast as possible. The number of correct symbols within the 20 allowed time (90 seconds) is measured. The test sheet was enlarged by 100 percent to reduce perceptual and motor problems.
Episodic Memory
For assessing the third component of the survey response process (Judgment; see presented at encoding task were randomly presented together with 44 novel distractor images (22 indoor-22 outdoor) for 2.5s. After each presentation participants rated their confidence of recognition memory on a scale ranging from 1 to 5 ("1": sure new; "2": may be new; "3": unsure whether old or new; "4": old; "5": sure old). There were no time restrictions for confidence ratings. Recognition memory performance for scenes (hit minus false alarms) was assessed after a delay of approximately 2.5 hours (short-delay memory), and used as manifest variable in the SEM. The Verbal Learning and Memory Test assesses auditory verbal learning of 15 words including five learning trials, early recall, an interference list after five learning trials, free recall tests directly after an interference list as well as 30 min later (late recall), and a final recognition test [3] . The sum of items recalled across trial 1 to 5 provides a measure of overall learning performance, which was used here as a manifest variable. The face-profession task assesses 21 associative binding on the basis of recognition of incidental encoded face-profession pairs.
During the study phase 45 face-profession pairs were each presented for 3.5s on the computer screen and the participants had to indicate via button presses whether the faces matched to the profession or not. After a 3 minute delay between study and test phase 54 face-profession pairs were presented consisting of 27 old pairs, 9 new pairs, and 18 new-arranged pairs (here the same face is shown, but associated with a new profession). The participants were asked to decide whether a given face-profession combination has been seen before or not and to rate the confidence of their decision on a three point scale ranging from 1 = not sure to 3 = very sure.
Recognition memory for the rearranged face-profession pairs (hit minus false alarms) served as manifest variable in the model. In the Object Location Memory Task sequences of 12 coloured photographs of real-world objects were displayed at different locations in a 6 by 6 grid. After presentation, objects appeared at the side of the screen and had to be moved to the correct locations by clicking on the objects and the locations with the computer mouse. One practice trial and two test trials were included. The sum of correct placements across the two test trials is used as manifest variable (see also Düzel et al. 2015, supplemental material) .
Fluid Intelligence
In order to assess underlying cognitive abilities of component 4 of the survey response process (Response, see Table 2 ), we selected a global fluid intelligence marker and established a latent factor score for fluid intelligence performance by using SEM. For this purpose, scores from the Practical Problems Task, the Figural Analogies test, and the Letter Series Task were selected.
The Practical Problems Task consists of 22 items depicting everyday problems such as the hours of a bus schedule, instructions for medication, a warranty for a technical appliance, a train map, as well as other forms and tables. For each item, the problems were presented in the upper part of 22 the screen, and five response alternatives were shown in the lower part. Subjects responded by clicking with the mouse-arrow on one of the five alternatives. A single practice item was provided. The test phase was terminated when subjects made three consecutive errors, or when they reached the maximum time limit of 10 minutes, or after they had answered the last item of the test. Items are ordered by difficulty (see also Lindenberger et al. 1993) . The 22 items in the Figural Analogies test followed the format "A is to B as C is to ?". One figure-pair was presented in the upper left part of the screen and an incomplete figure was shown beside. The participants had to apply the same rule that was applied to the complete figure-pair by choosing one of the five alternative responses which were presented in the lower part. Subjects entered their response by clicking with the mouse-arrow on one of the five alternatives. Before the test phase, instructions and three practice items were given. The test phase was terminated when subjects made three consecutive false responses, when they reached the maximum time limit (10 min), or after they had answered the last item of the test. Items are ordered by difficulty (see also Lindenberger et al. 1993) . The Letter Series Task consisted of 22 items. Each item contained five letters followed by a question mark (e.g., c e g i k ?). Items were displayed in the upper half of the screen, and five response alternatives were presented in the lower half. Items followed simple rules such as +1, -1, +2, or +2 +1. Subjects entered their response by touching one of the five answer alternatives. The score was based on the total number of correct responses. Before the test phase, instructions and three practice items were given. The test phase was terminated when subjects made three consecutive false responses, when they reached the maximum time limit (6 min), or after they had answered the last item of the test. Items are ordered by difficulty. Sample items were used with respect to tests related to speed, reasoning, and knowledge (see also Lindenberger et al. 1993 ).
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Control Variables
We include the level of education in addition to the sophisticated measures of cognitive functioning in our models as well as gender and age of respondents. Indeed, studies on surveys among the elderly found that older respondents are more susceptible to social desirability tendencies (Campbell et al. 1976, 110) , non-opinion answers (Schuman and Presser 1981) , item nonresponse (Colsher and Wallace 1989) , and "yea-saying" tendencies (Ross and Mirowsky 1984) .
We furthermore control for the survey mode in 2009, as the choice of the CAWI mode in 2009 might indicate computer literacy. Moreover, we already showed that compliance with the mode assignment is not statistically independent from mode choice in 2009 (see Table 5 ). The selfreported interview duration may reflect the degree of respondents' motivation to answer to the questions thoughtfully. For instance Barthelt and Bauknecht (2011) found some relationship between speeding in interviews and satisficing. Since measures of cognitive functioning were collected over a 21 month period, we also control for the time difference between questionnaire completion and cognitive testing.
A good performance in survey responding not only depends on respondents' cognitive abilities, but also on their motivation to maintain 'time effective' attention to one item but also be able to carry on to the next item / task. Thus, we also control for those kinds of motivational states of the respondents by including measures of goal engagement and goal disengagement (Schulz and Heckhausen 1996 ). On a short term level, it is necessary for the individual to increase his or her effort to achieve the selected goal (= goal engagement). Once the deadline is passed and the goal (e.g. response to the item) has not been achieved, disengagement from the old goal and selection 24 of a new one is required (= goal disengagement). Otherwise, valuable time, energy, and motivational resources are expended on unattainable goals (Schulz and Heckhausen 1996) .
Therefore, we expect both, goal engagement and goal disengagement, to have positive effects on survey responding.
Additionally, we decided to control for the dimension of conscientiousness, part of the Big 5
inventory. Note that we excluded the dimension of conscientiousness in our dependent variable of person-reliability to avoid artificial correlations. We assume that persons with a high score on the trait of conscientiousness should generally show less satisficing and higher levels of personreliability since respondents' motivation to engage in the response process thoughtfully can be affected by respondents' characteristics as well (Roberts 2007 ).
The randomized differential incentives are used as exogenous variation in the survey mode. That means they represent the instruments in our instrumental variable regressions.
Results
Table 6 displays the differences in respondents' characteristics between CAWI and MAIL group.
The table supports common views and findings: CAWI respondents are more likely male and highly educated. MAIL respondents are on average 9 years older than CAWI respondents.
Regarding cognitive functioning, on average CAWI respondents achieve better test scores in all tests considered. However, CAWI respondents are less conscientious compared to MAIL respondents. Regarding motivation, CAWI respondents have lower scores on goal engagement but also lower scores on goal disengagement compared to MAIL respondents. This means that 25 persons in the CAWI mode have difficulties dealing with new issues and with dropping old issues.
Table 6 about here
In the bivariate setting, data quality differs significantly by the choice of survey mode in 2012. Table 7a displays that the CAWI mode is significantly positive related to extremeness in answers. In contrast, social desirability and the prevalence for middle answer categories are significantly negatively associated with responses in the CAWI mode. The finding regarding social desirability confirms Tourangeau et al. (2013, 142) , who find a very small positive effect of web questionnaires compared to mailed questionnaires regarding the revelation of sensitive information. The item nonresponse rate does not differ significantly between modes, which is in line with the studies by Börkan (2010) and by Lin and Ryzin (2012) . Person-reliability does not differ significantly between the modes either, as also found by Fouladi et al. (2002) . Tables 7a and 7b about here   Table 7b displays the different aspects of response error by cognitive abilities. For the purpose of better readability, we collapsed each of the five cognitive test scores in a 0/1-variable indicating whether the ability was above average (=1) or not (=0). The mean scores of three from the five data quality indicators vary by cognitive abilities. If cognitive abilities are above average, the tendency for social desirability as well as the tendency to choose the midpoint category is weaker; the item nonresponse rate is lower. We find no bivariate association between cognitive abilities on the one hand and extremeness and person-reliability on the other hand (see the multivariate analysis for different results).
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We employ an instrumental variables approach to estimate a causal mode effect in response error. Respondents chose their survey mode based not just on the selective incentive structure, but also, presumably, on their preferences, Internet access, and computer skills. To prevent these confounding factors from biasing our estimate of mode effects, we instrument the chosen mode of data collection by the randomly allocated incentive scheme. Thus, the first stage of the twostage IV estimator regresses survey mode on the allocation of the survey mode to decompose survey mode into the part that is determined by the allocation and into the error term, which comprises other criteria for the mode choice (e.g., computer skills). Tests statistics suggest that the strength of the instruments exceeds conventional levels ( regarding midpoint responses and extremeness as the multivariate analysis reveals that the choice for the CAWI mode turns out to be positively related to extremeness and accordingly negatively related to the tendency to choose midpoint categories. Additionally, the CAWI mode inflates item nonresponse.
Regarding effects of cognitive skills, we find significant positive effects of all five tested cognitive abilities on person-reliability. Thus, the higher the level of cognitive skills, the higher the consistency of answers in multi-item measures. Moreover, all cognitive skills considered in our analyses reduce item nonresponse as well as-with the exception of working memory-the tendency to provide midpoint answers. These findings suggest that the choice of midpoint responses results from problems at the early stages of the response process, namely comprehension and retrieval.
More importantly, however, we find significant interactions between cognitive skills and survey mode in single cases (Tables 8a through 8d ). While in most cases these interaction terms are insignificant, suggesting that cognitive functioning affects response error rather similarly in CAWI and MAIL mode, we find particularly in models of person reliability significant interaction terms. More specifically, for fluid intelligence and both measures of working memory, namely spatial updating performance and processing speed, we find negative interaction effects with survey mode for person-reliability. While fluid intelligence and working memory increase person reliability, i.e. the consistency of answers, in this MAIL mode, this effect is significantly weaker in the CAWI mode. This finding clearly runs counter our initial expectation that cognitive functioning is more relevant for the response behaviour in web surveys as opposed to mailed questionnaires.
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Discussion
Motivated by the trend that web-based interviewing is gradually replacing traditional modes of data collection, we investigated the effect of CAWI on data quality. We compared the answer quality in MAIL and CAWI mode using data from the Berlin Aging Study II (BASE-II). We conducted an experiment in which the choice of survey mode was manipulated as we offered monetary incentives that varied in their amount conditional on the choice of data collection mode. Using an instrumental variables approach, we investigated the mode effect on data quality using randomized differential incentives as exogenous variation in the survey mode. We focus on mode effects in item non-response rates, response styles (namely midpoint responding and extremeness), social desirability tendencies, and person-reliability.
Specifically, we conclude that cognitive abilities operating on the first and on the last stage of the survey answering process are influential. That is, global reading abilities managing the comprehension of the questions and instructions, and fluid intelligence operating on the response stage and piloting the mapping of judgments onto response categories.
Contrary to our expectations, we find rather similar effects of cognitive abilities on response error in CAWI and MAIL mode. One notable exception is person-reliability, i.e. the internal consistency of answers. While we do find a positive effect of working memory and fluid intelligence on reliability in MAIL mode, this effect is significantly weaker in CAWI settings. 
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